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ThB mlMm^ng st^timaet Is a felt description of tJSils ioventloo, irmliidlng the best m-athod- of performmg It 



Tbi^sL Iriven^titm rel-3;tes t-o- solx<^. ■aa-ta/l.ysts fox 

p^-rSoxmiT^g j^^e teroge-n^eo.u:S. phase react io-ns ^ a^^d pr £vc?es:S^:s 

^eriD-%^.aieg^fe.^. ^-m^ll o lustier form,- a-ssoftiation vi-=th- crys-ta:xiin^- 

3:.eol:it:e suppor tis: a.n-G processes foe t'&ei^: ■pi:^:pata:t.;i:d^^^ ■ =^ ' ■ 

cata^i^^^ti^s.^ air ^: <>-f: ■o^mmB.^^c± a 1 impor'^ifio^ in a: l^jig^B- ^ux^m^&k. -ot ' 
ecor^o^^ic .perfD•rm^rvo^ of the proces#^.s ■d^.pen^^ fe,0: -a ^g^pea^liiB^r 
towavr^^ ^the- desired. .^-eact^ioTi proa^uc?:t^ .att-d tt^ce oO:S't: ■ 

S:fe.o=aib3 fe^:^- iarg^- ^e.£^^ 3ti,r€ao e- ^r:e^^ ive. a l:a^rrg.0- ^BBr^^i!&-%<y' - 

Qomprisd^ng^ i^n&±%^^ Q.c;ci:.jct.enee-s of metal a^tiOins. ^ma^a^^omMi:^-^: 

ami ^fe^iir&i.B in^i'i-v id;i:i:al occur r-s^ne^s of me-ta.i atoms^ 

ti^O:nafeb-jTi;^c5 f^orjn aggregat-es or cluscers o.f up t.o i-QO adorns- p'ex-:. 
clo:Stex» /^s u:.s-e<3 herein the- ter-ni "'cluster " refers to itietaX 
atom.s ■•^ea-fcly or strongly cx?-upl.ed^ thr-ough s^pace o-r -trr-ro-^^;h a 
support^ a signif icar^t pro.p-orti.o-n of the metal atcvm:s- beinq in 
zero-vai-ent state and gen..e rally separated by a a i stance of sik 
Ar^<sstrc-m-s (a) or less. Such a cluster includes any agg^r eg^at ion 
of two or more iiietal atom-^i, of the same or: different specie^s. 



a.i:mea.S'lo^a.:l ^f=oria .ix.e-. a GUa-in 0:t mental atoms^^ , o-z 
tr^o^m%rm&^B00n^:i to^m (.i.e. a p-lana^r a:rr a-ij^g^^e^n^t:.?; ^' a spi.-^a.l 

mm-. S^^^-t^x^&b a process: 5vr:efea^r3st£^:a: <:>^^ i.n; 

^2^e0t.-x=tve3. ac.e -a v^eli-^K^^^m ana wid^ely us.e<3^ t^/pe af 

by-droc^a:£;?s^;h. '^;^e^ Z:eolit:.es, also teown- a3 fr^o leeaia r 

Jj.m. Breek,. .J^fc^ri ¥ile¥ aBd'S-oni^. Inc.. , !^=.Y.. (1^7 4), 

**Ghe^is.^ .o-fi Ca-t;a-iyt ic . oc es^s.e:G" B , C . Gates, t. E-et: ^ 

Cat^alyti^:^ Craeitin^ with Seoiite Catalysts" bv P.B. venu^.Q a^^^^. 



■:^mm^mm&^^^^^^^- ^^^^^ s^g6p^^ 4^ssi3%s^;ss:^ -^m- ■ 

proceeding of an znte jnat icn?! syrrpos ■,ur:. is ^Caraly.-s i-y 

K.Y,, K.Y. U96e] . ?. G3l1-e20t des'-r-be=s ^'t-he S-ate ar,c 
C«ta^ycic ?rot.erties ot Platir.u- and Peliaaij- in Faujasit --Tvpe 
;a^e0ii--t.es'- .in Cetei.. •Sev.-Sci, Er»c., i2i~i54 *157S) - 

av:!^oiiots of waxer of hydration. Thay possess a characteristic 

cor.f 19:. icn of ^r.e SiO. -nxt wr.icr. tney contain, anc che 

in. a;-f^Y S-i^^evn. :^=e-o^^it.e master ial. "li^hie CT.an:D;eIs a?n.d tfe^- oa:?^!^ i^e-s 
are of a s-Lx.e. eo^^par-a-fc-ie ti:^-e oimen.-s loms of ir^o-iee^^les.* So^vall 

€>■£ t-h-:e Z;e<3ilte whereas larger K^eLeeii^Ies m.a^ noiL. ™- tils^vi-^s. the 



1 



n^SC^^£ 3, OHP ^-^^ ^ ^ c:^ - ■■ 

- w^v^ve^. .^u separate r^.olecules and h 

^:-^r coT?ponent oartis. 



enc^ to 



^ ^ ^ ^ ^ ^ e c c5 V 1 1: V vv 1. j_ X 



onXy CO"' 



--^3:.cx^:Lv cr arrancing tor nior^lv 
^ ^-ec.ice -olecular sieves -an be 



^c..^.^ ^^^r... excnangec for a 



species. Sine- ^cr-aliy H^uch of _he pore vo^xmS- 

•iartice structure, before ^ f ---^ ^, 

- ^ nv,-_.:io„^.y -e usee as an 

-rrenkel arc L-.C-- G~-.e:^ Ar- . c-=-..-. c,-,^ - 

^^..^ ^ ^ev^iive-encapsu^arec cobalt c~-^----^ 

6v .the ^ - r-^-^ ---^ f — 

^^^^.^^3,^^ excr.angeG incc the -A and-- Y- 
^..^^.er.:.ore. .rr.eteJ .^apo^s. especially caciTilu... 
vapors, .'ere usee ro recjr^^ ^ ' " 

^ * us leaving icric cadxiur: soeei 



ooa^r ,11, carior tc 



2:er.o-valent cobalt thus 



'ici'rafri}.c snate is ceposite 



a res.uit ,e-f 

z-eollte. ^Jo sicnirlcant 



.ec, hence ^.c ocher ^.^.ca: carrion such as ce-omiu-/ a: 
'e.di:c-i.on-oxiG'at:.on, is ^cc-dep r ^ i tec in and oii 

a^„..ic contanin< 



^ _n ..:..c.. tne c.a-raiyticaiiy active metal 



<ief>o.si-t:^d. by low pressure iretal uapor deposi-tion is entiireiy 
d i f f e re n"t ^ ' " ' ' ' "■■ K 

It an object of the present inv/encion to provide a 
not^el ^eo3J.te csteivot usefal i-*. re^e receneous r>r^iFe cheir.f. s tj::^^^^ 
■"^'^■'^'liferein saic ca~alyst is coiT?pr:isec of a Eeoli^-e havmc 
soi>st:aiitial amour.r (cr.src quantity capable of. producing a 
chemical transf crra cicr/^ r-f ca taly tically active :?;etal deposdtc-c 
in- t.he zeolite ca^^lties'.^ where ixn: the metal is comprisec of 
individual occurrences of a icir-- of one or rr^ore metallic elemfetit.^^ 
ar^a clusters forrfeec -by aggregation rhereof. 

*It is another ocject of ^ z^t.^ present invenricr. to 
piroviae a novel process for preparinc zeolitJe catalysts useful 
m het,ercgeneo-Js prase c.^^err.ical reactions.^ 

Ks usee herein the te^r: "•sciver-c''^ defines a substance 
used herein tb cissolvye the ^ipetal-complex such that trie metal 
complex-solvent Hiixture results 'in a solution. 

In x.Ti.^ process of the preserit invention^ metals. are 
/introciuced into or -onto dehycratec zeolire catalyst supports, > in 
a catalyt ically ectrve forir. by deposition of solvatec niets:! 
^^-^ atC7s which can accreoats to clusters from solutxcn. in a liqcic 



orf anxc soxvent. A srngle metal can be' 'deposited intc or o\ 
ze^!)lite support or a rl:^rrility of cecals can be cecosited 
thareoHr either simultaneously or sequentially by means of t'hi3 
pr<!>cess « 

The desire<3 catalytic jrietal is vaporized inco the 
liaui-d "••.sol\?er t :; r cri r r r _ ^ 1^>- - rr-:.;! ^\-.:c'" ce™ -.cc"'^"--^ 

ro fcriD small -lost.ers is produced in the v'apc r i t ion process. 



The iiretai' becomes solvatec by the soivenV in the forir of a 
-iaibi^e solvat^-c T^.e^^aT. co-p}.e?: dissolved in rhe seiven: . ^^'^i^ 
^cirni, t^.e soix^atec :net:al coinp^lex and solvent conrac;: the zeoiite 



the zeolite si^pz)-crt. P.ire:: ~ f f 10 e-^^ ' 
<''*i^ffjsed into t-.e zeolite supj:ort^ th^ of 5^- 



cai^.plrx a'^d l.:q.;c r elver::: z^^.^- ze r e.T^-^v-^-- ~ r . - .-^^^ - 

an.c rhen the coniposite warp-^ci. Or doing so, the labile soZvat-^ 
_^etal corrDlex oissociates, i-a-mc ze-o-t-alent g^etal in ^tne 
z.Bcltt€ cavities. This zei D-w-ient -.etal -is^^ reir.ain wlthiin -he 

cexS-o Or. t n-s surface 
"aEitlikely tc fOiTj tr. 

-^ir-inati^ts tnereir. rne rsF, .tatt re^a^-^csc^c ze-rli 
cacal\ si: „ls. staoi^e.-at roon: or elevated 



or me zecl,l~e 



ca.ta ^yt ic t i v i tv 



^.-.ccoroinc to cne aspecc cr 
Of catal-y tic^lly active iratal tr t^.^ 



c eir:pe r s t u r e s « and - 'ha-s' 

re pr '^en t in "=^er r i on. t he re 
.at\tc- eff-ettrve sr-^U'-^r 



a- least 80% of the net:al 
..... .... ....^ ... ^.^.w^.^.-^.. ^ V ^ 3^ ^xz^ vi:tr;in'" a - V 



.Hc c o r c i Fd c ~ c ^ r, o t r s 



asoe-: 



ot t-e invention, x:,nere is 



'O O 'v I, C a *d S o O ■'"^ ^- ^ ' r i=- -r ^ " - ^ ^ j_ - 

:::^^Cv'c;. A.i-.^ ^ € o J: ^ . e -iT:e t a.ii ca t:aay S'::s na^v,in.a a 
suo-s t an t la -i- an^ounc or .oaca^V't l-ally "acrire ir^^'tej, ^:i"er>a'S'i tre'd i^^- 



liquid solver: t 



, c 2L 1, e sol va c .2 e r c ^ V a 1 r. 



w;itn 5 solid ■ cryjstia X 1 ine 7:at~ 



- r e c H I c 1 ^ s o i: ^ n ^ z,^ c i x t: ^ ? 



- ei;iC i n c e X c =^ s s ^ i c u i 

anc allcv.^ir:c t:be zeoli^ ^ tc v.^ar:r so as t:o 



^ ^■.Ti 



labile solvatec ir.e-al coir^rlex in che. Cc. . ^ - ies and feirosi- 
zerO'-valent: srr^all 'clcster n?€-::al t:r.erelr;. 

zeolite-- jnetel catalyses i- Yv-ich tne ca cal Iceliv act^v^ 
-0^03 tiers cr ir-et^l ato^.s 'Ih-^ -"^I'-i^^r- - -^-v ~ . 

.^.t i„eas^. abour 3C% of the netial cluscers wlth-'n zhe zecli-e 
Cavities of the barer, ar- within sb^uc a five ^.-ostron: rarge . 
l.;is ca- ..eac tio sr^^o- 1 f icanf -'pract ua 1 ad^ran-acer 1-^ :;se cf -he 
ca-ali- St. e,g. an lir^prc^e-l selecc^lvi-y d t:-e -ac^./^rl- ^^^.^^ . . ^ 
rovrards varloj^ oas phase reactions.. . rh^ avo:.dance of the ase ' 
cCf higr pe^,?e:at-res in -r.^ -r — -as a:: Tetal ceposicicn cnrc zre 
:seolii:- tha nrase:it invena:.cn lavcurs the fo-ir.ation of 

---^ s . ---^^^^-^..^.^^xv .n_:or-r: au- <.-e-i.c factors. 

.^Mreover^ ^ne caral^-sts of t^is present ir.ve-":t ior^ are 
subs-i^n-'tia'-riy free frdrvan. r-sic-&l cor.-enir.encs r&s-.irina frcr. 



the z:: ? z^-ra-z- 3 Lt >^^::t ._jch ^s- & i^^.^^taX vapor..- 

oniy agent u-.ed ir. -re -etal cepcsicior i^coces^ r„he cresenr 
in\^ent:ion is tr.^i advent ^ and -pais -i.s subs,c:ianx ' ? Iv- c^^-^r " er^ely 
Xemovec frorn the oarely^^ - .9. dv vola-iiizatiior^ , .leavir^x^. only 
^lace? :^:pur-i":: or '^-.ich see rj^ai:^- . '^c : i r : : - : _ - _ r. i c.'i: 

In zhe accc-n^panyinc dravirvgs: 

ir.easu render -ondrcteo or ca^alys- sar^'pies rr^ace m Hxanple 

Ficur-e 2 I3 a .^ossbauer- spectir: r cf tne catalyst sajrpie 

^"re.:errec .T.-^rals for use 1:. zz^ process, of t:he present 
inven-icn ^^r- rransiri'^:- ----Is 3,:ch ^- _ tan^pir v zircon^--. 



nic%ea_, modi jr. r-jrr.enxnn . osn^iurr. iria:.u:r., pallaaiun:, 
piatinurr. turgster., ccpper e^c silver, ' ^'^?astl prefer r-d are ::he 
platinuHi group -.etals, na-ely ire-, -utheniuir. , osir^i.uiT^, cobalt:, ' 
rhodiur... iri^Uun. r-ic-el. oalladiur and pla-inu^n, ar:o also 
t:it:an:.um,=. ^"anadxum^ o.iromu:. < -Lolybdenun- and. silver. Preferred 
:geolit:es ~z~ zros^ classoc .as ^eollr™^ y e,nc zebii-c'e'S X- 
f'Fauj^:si-- types>, ^ricr to js^- ir . It^ pr'c-es^ or r::s r^res^^^ 
enricn. -he zeoii-e sboula be ce-ydrat;ec. using. mez/nod'S v^eLi^ 
rh'e art, -The <:'Se cf syntr- - ic ^ zeoli- ss , pucb'as 2MS 
a^: veil as ne^ural zecl:ries, is wi-tir tine scape 01 r:he 
iri vent ion. 

^ - The ccncitipns' -uncser whtcr: zz^ catalys- is preparec 
sho'^Xc be chcs^en so th.a- tzhe^ sclvar.-c r;e-ai corplex is r-acilv 



foriTiec arc si.a '^.nta meo lone sr-c^cn for conzaa'z v^izri zhB -zec/^zrze 
tio h'B accoapii shec . wi-trou^ sccscartt:ia 1 co-^ipiaaS niet-al 
'fotmat.ion. rbe tes^ conditions will -azy ceperdir.c upon t.ne 
choice r^€tal ani solvent:, -^rs": csrses, \ ^ . ^-^i^ . r c: 

ensure thac saf f i c i-^-nt. z^^, t valer--:: rr^cnaccT^ic 0:r s^nell clusze^ 
metal contacts the solve:- Also in rrtost casesv zhe ir.etal 
vaporisation end solver: t cortacxing s"^-ouic c^e done at :iov 
te^T^peratures . since r^any of che suit:acle solvatec xetal 
'Camplexes are - an ly sr able s 1 low t eirpe r a tr :: e s . 

r z 1 ^ p r e 1 3 r r e r 1 r r ? ? 1 j - r \ c " ~ r cl r r 
C,ataly£:: sue err-: 1^^ tIs s-lverr :^ -^"licr .;e^. ^ire 

S.ai>stanti;aliy insclunle"^ ^nd -rher. to contacti the sli^rxy v-lth 
.t'he vap^r of the metal, or vith a preformec soluirion of the 
'solvated inetal roir.plex. ir t:nis way, the risk of -^rvrr-aLror of 
'CC'li-cidal metai prior to cor. tactile th^- zeolite is kiIlti iuiz^a ^ 

Tn"ora-er -to obta/in ' hotr^oae-iei ty of tr^-e rretai cispersio 
thrcuchOv^r rhs rerlirs cers^lyrt. ii „o pr-e'^errec i:c vapcrr2e r 
Htetal ill ti^e 'ric:-r:r:- cf a ^hin lllr: or zeciite-sol vent slurry 
the fiiir^. being laov^c .cent inuou'S ly relarive ro tn.e- source or 
■•^apcrizing Reta^^ One ^ay of arrrrv-inc r'li;:^ i - tc dispose the 
source of vapotizdng rrjeta-l at the approxiinawe center "of an. 
^vracuated rocating -vessel contain ire che xe.cii'te--solvent 
slurrt^ I'H this r^anner^ the slurry can te arranged rc fcrr^ a 
thin rilir. on tne walls cf rae roraciijo -/essel -sdr roun-f inc th-e 
scurce of v-aporizing jxieta.! ^ thereby ensuring an even -exposure 
the slurry to vaporizing ittetal ano^ -as an. enc product ^ a 



sr^rycx^ ye cepos4red Lv^t.o t-he preferx^eo solv-ent . and 

3 jDsega^^^.tly tr^ ,9c1l: ^ lor, 'soi:vated ni^^lal atoms sr-o fbrnifed' 

C^Dtfetac ec vich the pref-eired -.."e^lx r.-: Var>o r 1 or ot: "^^e r-.-t_-l 

-c rue li^le. Iocs '^e r ~ ce:^:-::er cf rctarinc evHC^sc-ec . 

:-\ir.a<-le appa r e ras ^ ror core-:: 1 1 -:c t:ie c::oc^o^ " : 7^=^ 

comiaercia;!}- ava^ladCe, Fur ex^snp^^e.. such an apparatus is 
cescrloeo in Bcxtxsh patent specif icaticn rc. 1,453.459 Ha^-c;lor-ad 
Research and Developnient Corpor arion puoli'sfcec August 17. 
19 77. 'A sui^.a-ble appararcs ia coHiir.ercially available from G.V. 
Planer Ltd« Sunbury-orx-Thames , Englar.a. under ^he cesignation 
'^Vapor Synthesis Bquipmenr t'/pe VSF iGI''- or ''type ■ '/SP " 302''^ . 

The H^eta-i cluster nay forit in the zeolite caviry as 
linear chains, spirals ^ plap.ar cwO'-diTiensional stxuc-tures 
thC'ie'e'^-aiii^e^-sioD'ai networks. It is belie\^ec that th'.e soivated- ' 
nietal is initially depositee i'r the zedli::e cavtzy in solv^-iad. 
monatOHixc fcrr,^ a.^d n^,etal claster.s are fori7,ec subsequently., or^ ^ 
!:emova-i af T::he solvents It is alsc possible thac a sinail :nu^JDer 
of the metal .at6ms becOFie ionized upon r€^T:oval cf the solvent, 
sc that the resultant clusters conr.air a sinall proportion cf 
.metal ior;s- giving to ti-^'e -cluster as s whole an overall ionic 



lemaii^s in tne zero-va^ent: fo,c%:= Tne r^etal a"- :>ms of the 
c-iustexs '-ar^ cocpl^c rogeth^r weaxly (Van der Waais fo-rces) ot 
strongly ccvalenr. DonSs.^ , Dut r.ot t-o any sicr.^icer^- excer. 
:lo^:3XC ■ fc^zces-..- ■ ■ ■;■ ■•■ ■ r. 

Tr.e ar^o.;nr. of n.t':^Bi -^""dcr 'is ceposi^ec on tne zeolite 
^a^i^^orcing"^ to t^he -prese^.t lnver^:iD'- ii" -or cr 1 1 i cal 'ipr o^^ice 6'f 
course tnar suificient .T:et:a ; is oepoci^ea ro crea^^-e an active 
catalyst Preferr^^^d ar^ojnts -.re ir. iib,e , approximate rsrice 
O^Oil--lG% ry v^^el-ghx. based or t:he we:":^~: cf reolite -r^^': 
pr-ef erred .^'^.our^^-s 'fceir.9 rrcr a^-^jr 1 ^.^eignt e^ccut: 10 w^igaz 

. ; .i.li; ■ ■■'i'.'/^f'-'- 
.An exsirple 'Of. a specifi-:; con^b'ina'rior. of Eecir-ite. 
solvent ana .r.etal in acccrcance wirb th^ pres-^^r.t invention is 
Fa^;ias-tr --vpe r„eclite.. -clv^rc a -^etai sucr.a^ iran. cobalr 

or r„ickel. ar^c f or, con-ver^ 1 er" ^a rre yrr-cess^ cr ::ne ^ prosen:t 
x^nvTenrior: vxii -De fur.t±ier .cescriDet:; ^^-itn refarance thereno. 
However, this is - vay ~o be constr^ec as Iimi?:inc tr.a sccp^ 
of the -:ve 'i^:.lonr and for ease cf furtner: and cc^r^plate 
adscript: ioFi of ch^ ' process oi>iy* 

lion inetal is vapor i'^e-:? by ^esisar^-^e re^^i^^c m 
ap^^aracua ::av pr.:s:in9 an evacuated flas.< aaapced co rotate on an 
ilsc'lin^Q angler the vaporizir^g iron being loca-tec i^n a crucible, 
substant'iaiiy ac z'he center o'f cr.^ flask. Suitably , for 
<;i^an-ci.r:a^iive aeposirion cf n^£."raj.^ 1 1 is preferrec taat an in 
gltu tT:as:s .Tcni^tcr s;.3ch as a qua rtii crystal -.icrob^^l^nce be 



^ m^p&&m^t.i:&n EC tie;, ■ . ^ 

vapor.iE'-sd i.r-c-n.- i" r 1- - ... ; . , .■■ 

s^piiA^ife^Sv the toljen-e. -^K^i-v:-. ,. - / , - • .? -, v--, ... 

labile dls\tci^?==;nr. i .l-ror, - ^ - 



This .p.roc^:Ss is c:>r^-duct^d a.-^: -^-i^^;^:.;^-.. f -^re^^^^^^ 

of pr e;^.3 rc-r.icr'? .£?hould r^^-;^-.": . , 

alssocl^t-^vs a<^>a iron precipi^:^;;^!:;^^^ ::>^:^>. Srrkl^^i^:€m^ ^?;;^^a./^.ii^i;.ttv."'E.r 

th^e sli^rsy in this rcr^r, .r:."; ^--.v- ^- ---7 

C'^^v it: ie-s of the ze^-iite ^ ^ ^ . - ^ - ,- » ■ - 

throtTgis the 7*5A si?~- ^^^i.^^-;. ^yS. ^ \ - \ 

zeolite^ T."--- n.e^^^j : v^r^cr ' %L - - ' ' - ' - -y- ' ■ - 

o-.t ti.ra€- unc: :.rr:- ri ■ ^ ^' ' : ' ■ ^- - - '■c::' 
1 oa-d i n q i n t. o t e e e o 1 i t e s r> e^-^ <> %. t. .l v ^^^tM . 



Mext ^ the slurry is \ .r, ^ ^ 
and the '2=eclix:.e'-:.ron solid : s^^p-r ■ , . . 
t e s tdua'l, a o.i^ a ted i r cvn c ompl k "5 i s r- /. - -^r ^ 
\":urccse. 'cr^^ 1c^-t temperature s:.c':^ - — ' 
decomposition of ^:he s-0lv.3^:-ec 
Stage. Filtration^ at te:^perar.or-^^ ? A^^^rv^ 
point but fcelov about -BC'^C: , is :^^\^ 

is to be aiTipieyeS ir, conducting s-r. '^c:. l-:-- 
so that the catalytically sctiv<^ 7''^ 'f^r 
disposed inside ^he ze-Qiit.e a r ^ - x s:^ . 
rf.etal accms or ciT.-ster'S are -^icre S".',; I.^^ 
disposed '^-i thin '-,he 2:-eolifee cav-ity. --'^^ 
surface of cne r.ec:^ite will cj-^c^^:. . . 
rrdKture.. i?he next step in the D.r e^'^^-t>rc=^^' 
i^^/^^tior^ - is therefore designed ^.c- .r-.^rro-v 
cc:r.pl;:^xss fror: t^^e outer surface a: r 
the ahov^e contacting steps leavin^i ^ . 
complexes within the cavities^ TUi?. :3 
the solid ■^eolit^--i pe^er.?.' ^> ^ - 
toluene^ at lev; t-^inpe- etui^:: ^ ^ 

While- it is xrjori-er t. ' r . ~ 
or Sniali cluster. s:erc-.3l:-r -r^-- - 
cavities of tne %ao:,,"^. - 
the zeolite sabs tr at -5 1 : 

s<sl e et t V e ca. t.a i y s t i n i. t s : ■ a r : - 
d epo^si t^d -.LiR:^^ talcataiyst^ 



poisoner ^ treatmenc v.*icn appropriate reagents » 

A^eter the washing process is completed* the solid 
zeolite-iron catalyst is allowed to war^n up to room temperature^ 
wMls-t subjected to vacuum ^p'orpin^ zo re;^'Cve sore the toluene 
fotmed zzo- c ecoiBposi tion of zne solvacec 1 ron compi^ek. ^nc ■ 

from- the w^^h ope^tat Ions . ^^.s the temperature ri'Se.^. 
afeo^t?e abou't '-aC-'^C, tne ^bis (toltiiene; i ro- (C^ ccinplex cecon--.poses 
to release roluen^. 7be raetal stays within the seoilte cayitv.-^ 
l.n zex'o-v^Lent fornix either in .i;D-;a cc;T'ic or small cluster fdrmv 
Due to constraints on the n^obiliT^y of the T^etal' a'toms" under " 
these 'Zz^rczticDs, netal azcrs will preferentially acgioirierare 
j;nto tJ-^e a^-aa'^itiies in the Jcrx of small clustiers^ -due to- th-e ' 
re-strictea space available^ and the production of macro f oirm ' 
eolloid'ai metal on the ouxiside surface of the zeolite will be 
minimised. 

As a result^ a loading of dron from 0.3 to .0.6 weight 
percent, based on the weight of the zeolite, is achieved in the 
catalyst. The nateriai is now stable at zoom temperatures ^ -but 
mQBt be stored in vacuo or under inert atntosphere^ e,g. argon^ 
un-tii it is to be used. Mo further acti^^ation treatment of the 
material is n&cessary before it is employed as a catalyst^ apart 
from possible reirioval of residual solvent^ its inetal coniponent 
already being present as s taly t ically active substantially 
zero--valent tcrrr. The ir^aterial can be used ir-. any of the 
heterogeneoiis phase catalytic processes for which supported iron 
catalysts have previously been used, for example, hydrogenation* 
dehydxcgenation . Fischer Tropsch reactions, catalytic carbb^ 



monoxide hyd-rocenai:ion and an-ir^caia synthesis. Analysis has 
inolcated t;hat about 80-^90% of tih^ iron rnetal associaced witih 
the catalysti is present in sx^all cluster (iess than IQG- atoms) 
form, at least the rnajor portion of which is within the 
^-caviti-es of the z-eolite* 

.Alternative- solvents tot use in the present: invention 
induce r ir addition tc toi^jene^ tetrahydrof uran . 
methyite wrahycrof uran ^ glyme (dimethyl ether of ethylene 
glycol^f diglyme {dlmetnyl eht?,; cf ciethylene glycol), alkenes^ 
acyclic or cylic dien^s e^o* c v^clopentadiene cyclo-'Octadiene , 
et^ners, aroixiatic hydrocarbons (KVl^nes. mesity lene ^ 
me-thvinaphthalenes etc.), nitriies such as acetonitrile . and . 
siloxanes* Mixtures of tv?o or T^;ore solvents can also be uset3 
Otner solvent exair.ples will readily occur to those skilled in 
the art* Sovlen;t choice is cetermxnec oy its ability tc solvate 
the caosen catalytic metal in . zero- valent forir,^ tne ability of 
the result:ant: complex tc enoc^r the pore and solvent: inerrness 
towards the appropriate 2eolit€^< Ease of removal from the' 
2eoiife and solvent proper-ties such' as' 'freezing poin^t. boiling 
Doint 3nc- •■V:-apor- •pr.esrs-ur-e are. all. faccor.s readily . deter i^vin-ablc v 
fcoiz scandaro reference works. Toluene is especially suitable 
with the platinun:^ group ::tieta2s^ with -IvQO^C being a suitable 
opera tiro temp-€t^ta^e .cange fox ' t?r-^pa^feq ; tfe^^ ■ 
1 J. 5-Cyclo~oct:adi'eJ:^e is suitable wit:£i i;co-n-^ ■cocalti.f ^^icfcei,?-. : 
pa 1 1 ad i .uin^- and plat i-mim , Te-t r a^hy dt of.ur a-ri BnS. 
metfayltetrahydrcfur api are s.:oi table fo^r use 'with sil:v-e-£ -a.n:d 
paiX^dlu^^ operating at temperatures in the -©O'^C to --.125^^ 



^ance. Glyme and aiglym^, suitable for use with sitver,. 
'Il^oIybden^im and chromiun^p car, be operated at t:ei?,pera,fe*ar^-s of 
-B^C'^C aro -6.:^c respect iv-ely-. - ' - . 

If desired^ using tr.e process 03: the present: inventicr^^ 
one can prepare catalysts bavLng mixed metal clusters ir or or^ 
the z.eolit€« This is accomplished by choosin-g a solveat or 
.mixture of soive^its v;nicr. wi l1 solvere 350:" c t:h^^ cho:?e^ 
::netals, and vapori?.ing the -.ixnure of r^etals in the ^-ir^i^itv of 
tihe solvent as describee at.:;v?^ . 

Tre inven:iic:: is f.-r-cner dascrioec in -zne i lo -v-. r 1 
speoi,fic cxarrples, for il..-^str ati ve purposes only. 
Example 1 

A slurry cf 1.0c of dehydratec IS^a-*Y zeolite in SO ml of 
t<!>iaene v-as transferred by canulation under nitrogen into a 2 
litre flas< attached to a xo-Lary ir.etal vapor appa^ra'tas. 10€"hiq 
'Of iron was resistively vapcrizec intc the cooled (-lOO'^C) 
slurry at e pressure of acout ^xlC"^ tcrr.. over s perioc of 
abaut Z/^ hou-^ moaicorinc the ^.etal cepositio.n rate by • m^anB- o-x 
a qua-rrx^ crystal "icrobalance situated just above the ' ^ 
lron--conta-x'nir.c crucible. The flas^: vas rora-ec tnrOv-^qbo-J r. rhe 
above procedure az a speed wnicn ensured a thin filir. o£ the 
slarrS' formed as a wide band at the centre- of the walls ,o-f th^ 
flask. After tne -etal €^v,=,po r at ion was aor.ple^e. the rotarxon 
was stopped and the contents of tne flask remo^^ed through a coic 
nitrogen gas jacketed tran^^fer tube -^kept at -70^C} which 
exted^fed direc-tly iato .a dry ice/a^^^t:<>n^- .coQled f :i:;it.^^^t:i^o:i^ 
appa^r.ati-u-s -e-Qiilpped ^?ith foidh' vacu-u^] t.e€loii .s-topooc^lcis ^ -£^1.111 .at 



wasbed wi^zn 2x20 ib1...co1c i-7^^C}' toluene. The zeolite was 
pumped to partial cryness anc then alilowec t,o wsTii? slo'^^^^iy tc 
rdoiB t:eipper a1::ure under dyn^inic vacuurr* /c . 2 hours) . The ' 
^s-Dlite was lefr vacao .:o,: an ecci-cionai 3 hours. All 
SLibsequent irianipularion ^'.^ece perforr.ed in an, argon filled clove 
bo'x containing less thar. 1 ppm oxygenl 

pr^oduc t . Th e - s.ainpl e s ' a ppr c x . jt.^ r ~ \. y 1 C C r^g Fe ^ v 3 Y ^ ve r e 
'tapped in'-c a giass zub^^,- arc: pac^ec iovr vitr ^ pl-jc cf oIb^tS 
w5bl.. Tine rj;::e >^as then sea3.ec jr.cer a ro.rtiel vacuuifj^- 
^agn^tic :no:T:ent: measurements a runct-ion cf applied field ^^ere 
obtained on a yibratinc rragne toir<eter (.Jan is Research CoBpany,, 
Model 150; at 4.2^K.. 77^>. and roo.i^ temperature » and particle 
voluir^es were calculatei usi-c tire langevin Ic^-^ Field ano High 
•Fl^ld approximations. The Tessurements cf appliec fielo 
f Kilo-Oersteds KOE) and corresponding ir.agnetic Htcir^erxts (EMU x 
IC ) are plotted graphically as illiistratec in Figure 1« The 
, ^^alij^ fox, {Earuration -ac^-e tiza^zo-:^ is obtair^ed frcir a 
Separate p:.ct ox magnetic moment v* -reciprocal of appi-ie'd f-i'eld . 

higher fieids for Mg, because it is ,jriore difficulr to align 
their magnetic moiEents compiete'ly . The magnetic t'e.rciknBno^ M,, 
'derives froir t/^^e presence of large particles in the san;c^e« The 

percentage H^/M^,. Is equal to the percer.tage of particles 

:. ^ . ■ . . =a- 

exce-edlnc a given siae {in this case^ about yOA^ calculated froi?. 



s.,oaret.e x.easuremer.ta of t,.e n-,ag.ne.txc relaxation t.in>e a- 

i'~c resul'-^ s-tich ^r^agn^fic zneasure^en t£ on four 
independently prepa.ec sa..pies prepared as described ,a.r.e give, 
raole .elov. Dia:.e-:.e:-3 are --t r . -.e-^ a3Su;.inc scnerica. 



ceorretry fc r - e iron c1,-s:-l-~. 



Scc-icies k and B ciffec fro- 



sa^pXBS C and - ir. rhar the tcmer were wasT^.ed vlrh cole 
after filtering whereas the latter vere r-ot , 

TABLE 1 



Saitple Particle 



peasurec at measu-red " 

~2i^::eid___^ low fielc" 



4.9 



= . 7 =r-T 



'8.0 



— — 



mm 



876 - ~7TS —22- 



D: 37^— -r~^ ^ 



579 20- 



The Mc^ib^aer results show "see la ter)~thiFTh^-iiiroF 
xnay contain a sctstan^.a! ..:ccr, t. of ' iron oxide as well as ' 
'£ero-v-aient iron cluster i^. 

The rnagner.zation res-^its indica-_e that the a-.erage 
particie size is afeoat €-8^ (if entirely ^erc-.alent , and 
S-13%. rif entirelv T-i -o- -si-^-^; -v,^ 

use of each sarapie, 
Therefore one can infer, in the cas-e of washed sa..ples A ^nd b, 
that approximately 80% of cne iro>. clusters probaoiy res.ce 
i-nsi.de the^^cavities of .he zeolite. Such particles ..st 
therefore be of a size less rhan lA. t:he size of cons^tra-int of 
t.r.e zeolite cage. The recr-ainder, represented by tiie M^/m^ 



"O.or 'tiBua ss^x JO sar:^^/^ % ^-^T 

.oa oo&r^ Jiapan pa j jajs v^- s^:^- /Ijp 6=11 33-7 

uozz paqoTJua ^-^^ ^ -^"t ^'t.e 1:7x0 jddE Sutsh ''pa::eada:i s^.^^ X 



-7^ ardapxa 

- /I::^ii^..eo ai^TToaa aqq. utu^t^ s:raq;'snxc- 

aq:^ %03 :;s^3X 7,^ aoHJGJ.a p^-^B Jd:iB^ixz aq AT:^uapTg:-uoo u^o 

spxaTJ -^-<=>Z pa::rs^a^ii j:a'uaui^tp ax-T^-^-i '*a5u3- -^c 

9 uxqai azT^ a ax*^^^^!^^-?^^^ qsear ajz-^ ■ saxt^T a^o a:^TToa2 
aq:; ut s-::a:isnx- •-:c-::^^.v s^sA'-^zx^o sapTAo::d uot^ubaut 



aua a:;eoTpU7 i.st^ - - sardui^S *acTX"0 uo::t- 

.<xa5;:sx ^ . aTdiii&s ^^oea ui si^bz-scjo tb-^bih B^'z ^.a^-^ a-^oxpup 
po^f ^saipx^-^^d a:i":xoaz a'a:; aa^jjns :;^aano aqz^ bxt " jox^qb::::! 



c scr i^bed to the :: ro^ ^■^x'^c^ ^^t^=^^^^^ , 

- ^ ^^.^.^ :^wp<ii^nt: tine cxustiers ^ isomer 

^vp^v.c?^ >20Ssr>aL}t:.r parameter associated 
Figure 2 are as follows: 



Isomer shifty Is^- 
Quaarupcle sciit. OS 



^ 14 intn/sec 



5". 0 0% 



,-:eiat::ve Area 
Isomer snift. fs i y 

Ouadruople split QS^ i,. - i^ ^jn/c^^n 



FieXat i ve Area 



U D Hm:/.se< 
63.0 0% 



Comparison of these isomer shift values with those' ] 
•available in the litferatare for sn^ali iron clusters in oxide 
seolifce s-pports generated by other isetKods ir.dicates,, that t> 
iron criuscers have substantial zero-valeiit component, with tr 
large ^uadrapole splitting demonstrating a high electronic, : 
charge asy-i^t^etry . characteristic of very small ion clusters i 
a-ria/ot interaction with the electrostatic field o-acient of -- 
■zeolite cage. - 

Example 1 . ■ ; 

Fe^NaY zeolite catalyst was prepared as describe 
for washed sarr^ples in Exai^ple 1, and its behaviour for cacaly 
carbon nionoxide hydrogenacion was tested P ^^^^i^r^^' 
system with on-line gas chromatographic analysis for C. -C- 
hyar5>=;arbon products was used, at a rerr.perature cf ISZ^c, 
hydrogen:' carbon mc:.:.xide ratio of 2:1 and a gas flow rate of 
ctl per ^in. The product -mixture had the following analvsisi 



Hole % C -2 ■ 
Mole % C • ' 

Mole % di ' 

r.-e percentage o.: olefins ir- -ns total hydrocarbcn 
(?nethane exceptied; ---as greater than 9 0%> The Idw 
j^.etr;ane and nigh cur-ne prcauctipn is also noteworthy, 
&canvpl_e_4_ 

Tne procedure of example 1 was €rssentially repeatec. 
but using cobalt as rhe metal, along with toluene solvent an^ 
Ma-Y seolite. The catalyst vas prepared- by. .vaporizing /tiae metal 
bsr. resistive heatinc ir. -he ?rese-.ce of a -hi- co-atina fil~ cf 

solvent— z »o ' ^ ^--^^ . 

ze.T.peraiure and vapor pzessur^. 

-nen filtering off excess iiqulc anc allo-winc the solid to -warir. 

room temperature under an mer-c at.«cshphere tc ■■"Ciatilize the 
•solvent. Essentially similar results were obtained, small 
clusters of predomi.na-ntly eero-valenf cobalt -being depositee ir. 
rhe- zeolite cavities. The resulting product was catalyt ically 
aC'ti've in- gas phase reactfor.s. 



cataly ticaiiY activ-s metal in t:he fcriti of substar.^ial-^y 
^.ero^vaient -clusters cf iretal ^?-o^^: ^ a^t least: S.C% of nhe metai 
ai*aslief.s ^-irhin the esdZ it-e-'cav-izy bei^ng of a sise within abo^" t 
a five angsriroTT'. rarc^e. 

A 2ieol:.t:e-^:et:a^ ca-talyst a3Ccrd:„rLg^ t:o alaim I. said 
catialys-t being Eubs::anii:-allY fr-^^^ from cor-'camin-aa'ts deriv:.ra . 
froTTj cQ-^c epos itiion scen^s^ 

3> zecli tE"-ret:al catalyst accorainc cl^ir^ 1 r claim 

2^- wfcierein ^ the cius^iers of metal anams contain up to about: IOC 
at:o3S c>£r cluster^ 

4* A seol2,te-"Ziet:al catalyst according to clairlir 3^ wnere:.n 

tb^ clusters of metai aroms witiiirt the zeolite cavity are -cf a 
size range oz rrom abour 4 A lo aoou:: 12 at. leas^:. o^^^b ::.ae^"eo'r 
being within a five A range inside said size ranee* 
5* A zeoiite'-Hie'tal catalyst: accordi'og to any preceding 

claim, wherein the metal ±s select:ec from the group consisting 
of iron,* cobalt:- molybdenuin^ titaniui^f zizooniumr vBnaGluMr 
carofFTiiumf niobi^inir ta,nt:alunii^ platinuin^. pal'lacdui?.^^ rhodium. 
rwtB^u±mM^,r M'0tm iridiu^in^ tu:igst:er . nick^t? copper and 'silver« 
6* M .2.fe:o-l.i:te-Taet.al catalyst according to any pr-eceoinc 

cl-ai-Hi w.ferr;^-:i:B t:he xtietal is seiect:ec fzom the group coo'Sis-cing o-f 

pallad;l^Hi-^ plat: i'D^mt^.^ citan.d-u.rn^ v.a:n,adia3ici:.^. c±:^^r^0mi-^;m:, i^ij^h^^mm^ 
siitii^er. 

— 3 



iron^ cobalt, an^d' -n ic>el. • . 

^B'* ^ :2:eoiite"i2:^etal catalyst: according zc ^ny preceding 

jblaiiR ^t^^her-ein tfte seolire is a I'aujaslte type nat^y rai zeolite^, 
"3. A zeolite-" T-e^cal catalyst accorfiing to any of claiip.s 

1-7^, whereiri tee zeolite is a synthetic zeolite* 
"/lO." process of preparinc zeolite-metal catalysts havin-g a 

sab'Stantial aitiount of cataly v Ica-ll;^^ ac^-iv^ -3-aI deposited 
the cavities of the zeolite ir zero- valent: ^ sinall cluster forir^ 
wliicli coir.pr :-'SeS': 

---^por iX'lr-G the inetai in ^ae '--icmity of an organic 
liquid solver,": 

dissolving the m^tal as, a labile sclvated zero-va,ient 
■co-mpiex In the liquid advent- 

contacting a solution of the solvated n^etal complex,. 
•^'Ith 'B -solid -zeoiite erystal-ilrje inate'rial so as 'to c^use 
dif-j-osion of the solvated n^etal co-ni^plex int:o the cavities o'f 

;i^SiT^i:*ig;:'ie^ solvent or ^olut:ion? 

ai^SXp^t^^^i^^ to variB so as to cecoinpose the 

l;ai>--il'e ^&i:}W0x^^^&:''m^k^:^ ^P&plex :.n tne c^vi^ties and deposit 
.E^ero-v^aiei;*. -sfeaa^^^ c-li^^st:er etal therein, 

11* ^fee ;.pxoG'es:S of ciain 10 ^ including the step of ■washing 

tfae ^'eo^ii^^^B:-^me^^± c-omp-lex v:itn solvent urcer ccndirions at which 
t-fee S:0:fev^at.ea' me.t-a-:l co.-mp-ie;K i-s s-ta-bil-e,^-. a-f'ter remo'/a.i of e.xGe^s3 
liq^^ld &o.l.^e:n.t or soI^utioB thecefrom* 

12*. ^fae process of ciaiiii 1-0 or XI ^.berein toe metal 



tesBis-ra:tw'j-,©:sW 

.13.... . ■. ^gv ptpssie^ ;C.laa2s -1:2 '»^eic;e*S-- 1<»W t?e,rB;p^^ta3fea«.e, is 

mmm ^&mm^00^mmm:^'&&m-"^ -i^^^^isig' o*-?e&e: m^m 

, The process of ciairr^ 13 -wherein nhe metal is vapozizec 
rn'O^ddg/'-fii- of the choserl- organic sol-en t. 

The process of any of clair.s 1Q--15 wherein the metal 

S;eieG;ted -criom^-.^Mfe .:^g:i:^t^ of' iro:o-^ r^w^i:i«^aiom^ os?m3i-Bir,;j. 

i-ri^Mj^m:.^ &jbm^^tj^ ^mt^dd^,. nic'k^e.i., .p^a:lao;£^iti,^ p'lat lm2m> -ti;:1::^aaiii^& 
^.aji^ad-dkLin;^ •^iiii^^airtiotK- iROlybG08.n:iJrn a-nd- ■ si i^ve=r . 

IS... l:S;e proo-^^ss of any of ciai;ms 10-17 where!:!! a piacalifc-y 

of me;t.al.s is doposi^ted in-to a:od/or 00 to a zeolite export ^ 
eitber sl^:u;lt:at^eoH^siy or seqrue- tiailv , 

IS*. Th^e prooess of any of clai^ms 10-18 wherein the z-eolite 

is a Faujasit:e type natural zeolite. 

Th^B process O'f any of cla.i.ms lO-lS wherein the zeolite 

is a B:y:nt:het.ic zeolite. 



.po>r-es. b-a;^-e apenings. o£ 3 1 zc- i.> I... 

2^'^- "^^'^^^ prooess c-f anv J: 7- ^ > - ^ ■ 

is s.e.i^ec:t-ed from aror^^atic t^ya^y , ■ . / 

zeolite ano ^rluers. 3;^ ic i. ^ - . ^. . - . - . . 

o-u. the v?a:ll of saio rvotacm... 

2 5, The proeesa of c^ry r-. '^'-T' ^ 

2;^eoiit.e xaetai catalyst :c ^ - . - . ^ 

A gas pLa^e i::^; c^.^ v > ^ - . 

eompcises co-ritacLi* - a -icc^j^e ^ / , - - 
react ion -pr oidq t i r ^ cc c i - - ^ 

cause catalytic c o"- v^rr t lor r<r.'^ - - - 

a-r^:d separating reaction .-c , ? , . , . . 

Bated this 23rc day of December, I3E3„ 

GEOFFREY MJhM OZIN; LIHDA FAYE mZAIi ar^l 
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